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Abatement of raw material derived SO2 emissions in the cement industry
 
The thesis deals with the material and process technical parameters, which influence 
the binding of SO2 in the outer circulation system of kiln plants in the cement industry. 
The binding potentials in several plant components and the reactions, which lead to the 
SO2 binding, have been examined. The impacts of primary and secondary SO2 
abatement on the circulation system have been evaluated.
 
SO2 emissions from cement kilns are mostly due to anorganic, highly volatile sulphur 
compounds like e.g. pyrite or markasite in the raw materials. While the sulphidic 
components of the kiln meal are being oxidized at temperatures of 400 to 600 °C, 
substoichiometric sulphidic intermediate phases or sulphates develop. At the same 
time, a re-binding of SO2 by the kiln meal occurs. Within the temperature range that is 
relevant for direct re-binding of SO2, certain compounds like calcium oxide or 
magnesium oxide as well as calcium hydroxide bind SO2 as sulphate. Furthermore, the 
SO2 is bound by manganese oxide and ammonia compounds. Another influencing 
factor can be the way in which the kiln meal particles are coadunated with the 
sulphides. An influence of the organic compounds in the kiln meal on the release of 
SO2 could not be found.
 
At temperatures up to 600 °C, the binding reactions are influenced only slightly by 
SO2 partial pressure and gas humidity. The temperature in the upper cyclone stages, 
however, correlates with the re-binding of SO2. The investigations have shown that a 
rising raw gas temperature supports the direct binding of SO2 in the kiln meal 
components. It can be assumed that due to an incomplete precipitation by the cyclone 
stages larger quantities of de-acidified limestone (CaO) are present at higher 
temperatures, which are capable of binding SO2. To run a kiln at high raw gas 
temperatures, however, contradicts an energetically favorable kiln operation.
 
Direct kiln operation, with interconnected operation of mill and drying plants, using 
raw gas is a highly effective primary SO2 abatement measure. The binding of SO2 in 
the raw mill occurs at least partly at a simultaneous formation of calcium sulphite, 
which is an intermediate reaction product during the formation of calcium sulphate. 
This calcium sulphite is – in contrast to previous research findings – not completely 
but only in part oxidized further to form sulphate. Residual sulphite engages in the 
outer sulphur cycle between precalciner and exhaust gas filter. Examinations of the 
particle fractions of the raw mill output showed an accumulation of sulphur 
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compounds in the fine fractions. The poorer segregation of the fine fractions of the 
meal being fed to the precalciner thus can support sulphur enrichment in the outer 
circle. In the coal grinding plant the SO2 is bound via adsorption. The bound sulphur 
reaches the kiln together with the coal and thus contributes to the inner sulphur circle. 
Only sulphur, which is bound during the drying of cement components, as e.g. 
blastfurnace slag, is discharged from the process.
 
Especially in plants in which the dry additive process is used as secondary SO2 
abatement measure increased sulphur cycles may occur. When primary SO2 abatement 
measures are being optimized, the same impact on circulating systems has to be 
expected. To counteract the associated operational problems, an enhanced sulphur 
discharge from the system, e.g. via the clinker or using a bypass systems, is necessary.
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